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Site - Specific Frost Warning Based on
Topoclimatic Estimation of Daily Minimum Temperature
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ABSTRACT

A spatial interpolation scheme incorporating local geographic potential for cold air accumulation
(TOPSIM) was used to test the feasibility of operational frost warning in Chatancheon basin in
Yeoncheon County, where the introduction of new crops including temperate zone fruits is planned.
Air temperature from April to June 2003 was measured at one-minute intervals at four locations
within the basin. Cold-air accumulation potentials (CAP) at 4 sites were calculated for 3 different
catchment scales : a rectangular area of 65 x 55 km which covers the whole county, the KOWACO
(Korea Water Corporation) hydrologic unit which includes all 4 sites, and the sub-basins delineated by
a stream network analysis of the digital elevation model. Daily minimum temperatures at 4 sites were
calculated by interpolating the perfect prognosis (i.e., synoptic observations at KMA Dongducheon
station) based on TOPSIM with 3 different CAPs. Mean error, mean absolute error, and root mean
square error were calculated for 45 days with no precipitation to test the model performance. For the
3 flat locations, little difference was detected in model performance among 3 catchment areas, but the
best performance was found with the CAPs calculated for sub-basins at one site (Oksan) on complex
terrain. When TOPSIM loaded with sub-basin CAPs was applied to Oksan to predict frost events
during the fruit flowering period in 2004, the goodness of fit was sufficient for making an operational
frost warning system for mountainous areas.
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Fig. 1. Map of the study area with locations of temperature
observation.
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Fig. 2. A schematic description of the cell-based calculation
and smoothing for the cold-air accumulation potential.
Smoothing is done for the flow accumulation values of
surrounding cells falling in the circle of 75-m radius from
the center of the 30-m grid cell.
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Table 1. Topography and the flow accumulation potential of 4 observation sites.

Station Elevation Slope A FAl FA2 FA3
spect
D (m) (%) P (logFA1) (logFA2) (logFA3)
5 5 5
Chatan4 56 3 N
(0.68) (0.68) (0.68)
24 24 24
Doshin 74 2 NW
(1.37) (1.37) (1.37)
28,222 31,867 3,295
Oksan 63 1 S
(4.45) (4.50) (3.52)
24 23 23
Chatan2 98 i1 N
(1.38) (1.36) (1.36)

FA : Flow accumulation(1 : 65x55km, 2 : HU, 3 : SHU )
logFA : common logarithm of FA
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Table 2. Temperature estimation errors as influenced by the catchment area for calculation of the potential flow

accumulation,

Station Error Control Cold-air correction
D Type C(gllfgsggg) RECT HU SHU
ME 1.73 -131 -1.20 -0.56
Oksan MAE 1.75 1.39 1.29 0.74
RMSE 1.99 1.49 1.39 0.88
ME 1.40 0.49 0.49 0.49
Doshin MAE 1.59 0.84 0.84 0.84
RMSE 1.35 0.85 0.85 0.85
ME 0.86 -0.03 -0.03 -0.03
Chatan2 MAE 0.88 0.33 - 0.33 0.33
RMSE 0.76 0.33 0.33 0.33
ME 0.71 0.26 0.26 0.26
Chatand MAE 0.80 0.46 0.46 0.46
RMSE 0.74 0.50 0.50 0.50
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Fig. 3. Influence of the catchment area on the mean error
(ME) and the root mean square error (RMSE) of daily
minimum temperature estimation at Oksan site.
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Fig. 4. Goodness of fit for the minimum temperature
estimated by the potential cold-air accumulation (PCA) and
the conventional elevation correction (ELEV). Selected data
at Oksan site for days with minimum temperature below
5°C in spring 2004.
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Table 3. Daily minimum temperature at the Oksan site estimated by the potential cold-air accumulation (PCA) correction on
days with minimum temperature under 5°C in spring 2004. Calculation of cold-air accumulation potential was done for 3
different catchment area: 65 x 55km rectangle (RECT), Hydrologic Unit (HU), Sub-basin derived from HU(SHU). Control is
the conventional method using elevation-correction only. Synoptic observation is from KMA Dongducheon station.

Observed Temperature Estimated Temperature
Date Synoptic On-site Control RECT HU SHU
April 15 4.3 0.3 37 -12 -1.1 0.0
16 7.8 36 74 4.1 43 4.9
21 6.8 4.4 6.3 27 2.8 3.6
23 7.5 42 53 2.9 3.0 35
24 2.1 -1.0 1.6 2.1 2.0 -1.2
25 28 1.1 33 -0.3 -0.2 0.6
28 0.9 -0.9 0.8 -1.6 -1.5 -1.0
29 2.9 0.8 2.8 -12 -1.0 -0.2
May 5 4.9 2.7 5.0 1.3 1.4 22
6 7.7 4.4 7.9 4.6 4.8 5.5
7 34 0.8 3.5 -09 -0.7 0.2




Chung et al.: Site - Specific Frost Warning Based on Topoclimatic Estimation of... 169

2 = ke Eolrt, A AP A= RAEY
o o5 FFH7VINY T4 ARV FASE
o] Sake] AP 718 83 A o] FRF T &
345k 3°C o3lE WEizith & A 71y
& 7VdEAe] Rzl 8 Aoz} gt 231 o
523 Fx v} ¥FA SHU 7rEOlA Chung er al.
(2003)2) W7 1mES Agale] ARkt HA712S 45
)9} A2 HISBIES W ohe} 78 BF A¥3) 3°C
olate] Ae]ulsl APE A5 = UATHTable 3).

Iv. 4

riu

Exhgzt ofzkel 3b 7|52 ROl ol HA
71 2R ol-8-3R= Chung er al(2002)2]
He g 2] ojFofd A A9 ¥
ole} A7) QRAHANE & HA7R 54 5§
3 ANEAE BT WrIRAe] AkS A% 7
TE & A5 Al BE fNanE AES 2
7 Bexe] 4¢ JArde] A7t FESIIAE, &
FAR) 3% 718 FETHE s 494 o
&) AE3 Agddo] 7t 22 A9E Bt o] 2
Hof| w=H PekAle) B4 7% 4 T ER
W7 IR AHES ARl A7 BA) o]8sk= A
o} Al Az} =2 Ao 7Y EgHolr)
SR AEFAIAZ o] Fol3] BEFAFME ¢
£ AR Aed o2 Wr)HAS AARek gt
R)E MAHRALE FE| o] AAE FE3] 1Y
by g AFEE FRst 4 9lg Aot
AEH o g WIRAS EUZ sl A7 YAHR
ol AA] M| BEA=Rle] A a7t E 4 9)
5ol & A7E B3 gt

r_{

0

B ATE $EUEY SUSATAY @I 2
=53 Do) ABIIEE HHAT) Ao 3

pis=g

)

ro
0
ra

Bootsma, A., 1976: Estimating minimum temperature and
climatological freeze risk variations in hilly terrain.
Agricultural Meteorology 16, 425-443.

Chmielewski, F-M., A. Muller, and E. Bruns, 2004:
Climate change and trends in phenology of fruit trees
and field crops in Germany, 1961-2000. Agricultural and
Forest Meteorology 121, 69-78.

Chung, U, H. H. Seo, K. H. Hwang, B. S. Hwang, J. L
Yun, 2002: Minimum temperature mapping in complex
terrain considering cold air drainage. Korean Journal of
Agricultural and Forest Meteorology 4, 133-140. (In
Korean with English abstract).

Chung, U., H. C. Seo, J. I. Yun, and K. H. Lee, 2003: An
optimum scale for topoclimatic interpolation of daily
minimum temperature in  complex terrain. Korean
Journal of Agricultural and Forest Meteorology §, 261-
265 (In Korean with English abstract).

Kim, S. K., J. S. Park, E. S. Lee, J. H. Jang, U. Chung, and
J. I. Yun, 2004: Development and use of digital climate
models in northern Gyunggi Province - 1. Derivation of
DCMs from historical climate data and local land
surface features. Korean Journal of Agricultural and
Forest Meteorology 6, 49-60 (In Korean with English
abstract).

Laughlin, G. P, and J. D. Kalma, 1987: Frost hazard
assessment from local weather and terrain data.
Agricultural and Forest Meteorology 40, 1-16.

Lindkvist, L., T. Gustavsson, J. Bogren, 2000: A frost
assessment method for mountainous areas. Agricultural
and Forest Meteorology 102, 51-67.



